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ABSTRACT 



This invention provides an image reading device capable of 
precise detection of the optical signal over a wide wave- 
length range, by forming a photoelectric converting unit for 
converting the visible light into an electrical signal and a 
photoelectric converting unit for converting the invisible 
light into an electrical signal, in monolithic manner on a 
single semiconductor chip. 
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IMAGE READING DEVICE WITH OFFSET 
FACES FOR VISIBLE AND NON-VISIBLE 
LIGHT SENSORS 

This application is a continuation, of application Ser. No. 5 
08/174,453 filed Dec. 28, 1993, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an image reading device 
adapted for use in an image information processing appa- 
laXus such as a facsimile, an image scanner, a copying 
machine or the like, and more particularly to an image 
reading device and a photoelectric converting element 15 
capable of converting optical signal not only of visible 
spectral region but also of invisible spectral region into 
electrical signal. 

2. Related Background Art 

In the field of image reading device, there are already 20 
known a charge-coupled device (CCD), a MOS device and 
an amplifying device formed by connecting a capacitative 
load to the emitter of a phototransistor, as disclosed in the 
U.S. Pat No. 4,791,469 granted to the inventors T. Ohmi and 
N. Tanaka. 25 

Also there are recently conceived various applications, 
and image reading devices having novel functions are being 
required. 

For example the copying machine is required, in addition 
to the improvement in image quality and the color image 
reproduction, to have the ability to recognize, reproduce and 
record an invisible image to the human eyes. 

An example of such invisible image is the image formed 
with ink absorbing infrared light. 35 

In general, the sensor for detecting the invisible light is an 
individual device, and requires a new design concept for 
effecting image detection, in combination with a sensor for 
detecting the visible light. 

As a basic design concept, the present inventors already ^ 
found a technology of incorporating a sensor for visible light 
detection and a sensor for invisible light detection in a single 
semiconductor chip. However, said technology still has a 
room for improvement. 

On the other hand, the image quality improvement and the 
color copying capabihty of the copying machine has brought 
the danger of forgery of banknotes, stamps, valuable secu- 
rities etc. into reality. For this reason, in the recognition of 
banknote or the like, there have been devised various 
methods such as detection of the stamp pattern on the 
banknote. 

Also utilizing the fact that the pattern of the original 
image is formed with certain color hues, the present appli- 
cant aheady proposed a method of recognizing the banknote 
etc. from the color hue of said original pattern. 

Also certain banknotes enable recognition of the true one 
and the false one, by printing a predetermined mark with 
fluorescent ink which emits visible light when irradiated 
with ultraviolet light. gQ 

Also for forming such predetermined mark, the use of ink 
capable of absorbing infrared light was also proposed by the 
present appHcant. 

In such infrared light detecting device, the Japanese 
Patent AppUcation Laid-open No. 4-286350 of which U,S. 65 
counterpart is U.S. Ser. No. 139174 entitled "Image Pro- 
cessing Apparatus and Method Therefore" filed on Oct. 21, 



2 

1993 proposing to achieve making compact-.of the^device ;< s . </>! i ^ 
and easy optical adjustment by a monolithic structure of a 
sensor for ordinary color image formation and a sensor for 
infrared light detection, thereby enabhng to use a common 
optical system. 

However, such conventional system is difi&cult to design 
in common for plural valuable securities, because a visible 
pattern is the target of recognition. Therefore, for distin- 
guishing the valuable securities of N kinds, it has been 
necessary to select the features of N kinds in advance and to 
independently recognize each security, and it has been 
difGcult to realize such apparatus inexpensively. 

Also a CCD sensor for reading the images of visible and 
infrared regions by separating the spectral regions addition- 
ally requires, in comparison with the conventional sensor, an 
optical filter for reading the infrared light and an increased 
niunber of elements or lines of the sensor, whereby the 
sensor itself and the post-processing system therefor become 
complex and a decrease in the light-receiving area of the 
sensor or an increase in the size of the sensor is unavoidable. 

Also, since the sensor elements for the visible light and 
those for the infrared light are arranged on a same plane, at 
least one of the sensors may become out of focus, due to the 
difference in the focus position. 

Also in case of using such sensors for respectively reading 
the infrared information and the visible information, it 
becomes necessary to clearly separate the visible informa- 
tion and other information. 

Furthermore, for obtaining a satisfactory resolving power 
on a monolithic CCD sensor over a wide spectral range from 
visible to near-infrared region or from visible to near- 
ultraviolet region, there is required a significantly increased 
number of lenses, leading to an increased cost and a larger 
space of the device. Also in an optical system employing a 
short-focus lens array, it has been impossible to maintain a 
constant resolving power over a wide spectral range, 
because such lens array is composed of single lenses. 

Also the conventional imagp reading device employed in 
the office equipment such as copying machine is composed 
for example of a CCD or a MOS sensor requiring a long 
optical path, or a contact image sensor employing amor- 
phous silicon, and such image reading device is sometimes 
combined with color filters for the color image reproduction. 

However, such photoelectric converting device combined 
with filters is not necessarily superior, in terms of spectral 
sensitivity and resolving power for infrared fight detection, 
to the device for visible light detection, and still has a room 
for improvement. 

SUMMARY OF THE INVENTION 

In consideration of the foregoing, the object of the present 
invention is to provide a compact image reading device 
capable of detecting the optical signal over a wide ^ectral 
range from visible to invisible region, and not giving much 
burden on the designing of the optical system. 

The above-mentioned object can be attained, according to 
an embodiment of the present invention, by an image 
reading device in which the light-receiving face of a first 
sensor for converting the optical signal of the visible region 
into a first electrical signal and that of a second sensor for 
converting the optical signal of the invisible region into a 
second electrical signal are provided in different positions 
with respect to the incident direction of light. 

According to another embodiment, there is provided an 
image reading device comprising reading means in which 
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!-.>;lbe:IighlTreceiving.facev.o£ a vfirst: sensor- for converting the 
optical signal of the visible region into a first electrical signal 
and that of a second sensor for converting the optical signal 
of the invisible region into a second electrical signal are 
provided in different positions with respect to the incident 5 
direction of Hght, image forming means for forming an 
image based on said first electrical signal, discrimination 
means for effecting discrimination based on said second 
electrical signal and a reference signal, and control means 
for controlling the function of said image forming means 10 
based on the output of said discrimination means. 

This embodiment enables highly precise image reading 
over a wide spectral range, since the hght-receiving face of 
the visible light sensor and that of the invisible light sensor 
can be independently positioned at optimum conditions. 

Still another embodiment of the present invention pro- 
vides an image reading device for secure recognition of a 
specified original image. 
^ Still another embodiment of the present invention enables 
reading of the original image in the visible light region and 
the infrared region, inexpensively and securely in a simple 
configuration. 

The above-mentioned object can be attained, in said 
embodiments, by an image reading device provided with 25 
means for recognizing that an object pixel is a specified 
image, based on the image information in the visible region 
and that in the infrared region, in the position of the object 
pixel and in the positions of the pixels in the vicinity, 
wherein the image information of said visible region, and 30 
infrared region arc read by common use of a same image 
reading sensor or a part thereof, by switching an optical filter 
for limiting the absolute light amount or a specified spectral 
L^region. 

Also there is provided an image reading device provided 35 
with means for recognizing that an object pixel is a specified 
image, based on the image information in the visible region 
and that in the infrared region, in the object pixel and in the 
pixels in the vicinity, comprising a switchable optical dis- 
tance correcting filter for correcting the difference in the 40 
focus position between said visible region and infi"ared 
region. 

Still another embodiment of the present invention pro- 
vides an image reading device capable of satisfactorily 
reading the light of visible region and that of an invisible 
region. 

The image reading device of this embodiment comprises 
a filter for intercepting the invisible light only between a 
sensor for reading the visible information and the original 
image, in reading the visible and invisible information by 
focusing on a solid-state image sensors formed in monolithic 
manner on a same substrate. 

Also there is provided means for correcting the difference 
in focus position between the visible and invisible 
information, in reading the visible and invisible information 
by focusing on a solid-state image sensors formed in mono- 
lithic manner on a same substrate. 

Still another embodiment of the present invention pro- 
vides a photoelectric converting device improved in spectral 50 
sensitivity and resolving power. 

According to this embodiment, there is provided a pho- 
toelectric converting device for convening the optical signal 
of infrared region into an electrical signal, comprising a 
photoelectric converting element for converting the optical 65 
signal of visible region into an electrical signal, and infrared- 
visible light conversion means for selectively generating an 
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Optical signal of visible regionvto irradiate said,p bo toelectric-^.' s: if:?) ..i -LT^ir- 
converting element, based on the optical signal of infrared 
region. 

An electrical signal improved in spectral sensitivity and 
resolving power can be obtained by detecting the visible 
light generated according to the intensity or the presence or 
absence of the infrared light, instead of the conventional 
selective detection of the infrared light within a wide spec- 
tral range covering from the visible to infrared region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross-sectional view of an embodi- 
ment 1-1 of the image reading device of the present inven- 
tion; 

FIG. 2 is a chart showing spectral characteristics of color 
filters to be employed in the present invention; 

FIG. 3 is a chart showing spectral characteristics of a 
visible light cut-off filter to be employed in the present 
invention; 

FIG. 4 is a chart showing light emission characteristics of 
a Hght source to be employed in the present invention; 

FIGS. 5Aand 5B are schematic views of the embodiment 
1-1 of the image reading device of the present invention; 

FIG. 6 is a schematic view of a pixel of the embodiment 
1-1 of the image reading device; 

FIG. 7 is a chart showing spectral characteristics of 
infrared absorbing paint to be employed in the present 
invention; 

FIG. 8 is a chart showing spectral characteristics of a 
far-infrared cut-off filter to be employed in the present 
invention; 

FIGS. 9A and 9B are schematic views of an embodiment 
1-2 of the image reading device of the present invention; 

FIGS, lOA and lOB are schematic views of an embodi- 
ment 1-3 of the image reading device of the present inven- 
tion; 

FIG. 11 is a schematic view showing an example of the 
image information processing apparatus of the present 
invention; . - - • . 

FIG. 12 is a schematic view of an original image to be 
read by the image reading device of the present invention; 

FIG. 13 is a schematic view showing the reading opera- 
tion of the image reading device of the present invention; 

FIG. 14 is a block diagram showing a signal processing 
unit of the image reading device of the present invention; 

FIG, 15 is a block diagram of an edge enchancing circuit 
of the image reading device of the present invention; 
FIG. 16 is a schematic view of a pixel data map; 
FIG. 17 is a schematic view of a part of the original 
reading unit in an equal-size optical system in an embodi- 
ment 2-1; 

FIG. 18 is a schematic view of a full-color copying 
machint in the embodiment 2-1; 

FIG. 19 is a block diagram of the embodiment; 
FIG. 20 is a flow chart of the control sequence of the 
embodiment; 

FIGS. 21A and 21B are magnified views of the light- 
receiving elements of the CCD sensor in the embodiment 
24; 

FIG. 22 is a chart showing the spectral sensitivity char- 
acteristics of the CCD sensor in the embodiment; 

FIG. 23 is a chart showing the spectral transmittance of 
the near-infrared absorbing ink employed in said embodi- 
ment; 
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,;fviLtAL?&*!c;iElG.-24 -is a chart7showiDg:'the spectral: characteristics ;of. .--.L' ■ r5.FIG:r!!53>vis .a'^chart showingi the^ distaDceibetween.ithe^!.* : i.t.vu.-'ii y = u^jw-^vt 

the original illuminating lamp employed in the embodiment; optical path correcting mirror and the half mirror and the 

no. 25 is a chart showing the spectral characteristics of distance of separation between the visible and infrared Ughts 

the far-infrared cut-off filter employed in said embodiment; a function of the light incident angle; 

FIG. 26 is a chart showing the spectral characteristics of ^ FIG. 54 is a chart showing the spectral characteristics of 

the visible cut-off filter employed in the embodiment; dichroic mirror; 

FIG. 27 is a chart showing the spectral characteristics of FIG- 55 is a schematic cross-sectional view of an example 

the infrared cut-off filter employed in the embodiment; of the photoelectric converting device of the present inveo- 

FIG. 28 is a schematic view showing the vicinity of the jo ^^^^ 

lens and the CCD sensor in a reduction optical system in an FIG. 56 is a schematic cross-sectional view of another 

embodiment 2-2; example of the photoelectric converting device of the 

FIG. 29 is a view showing the structure of a full-color Present invention; 

copying machine in the embodiment 2-2; FIG. 57 is a spectral chart showing the infrared exhausting 

FIG. 30 is a view showing the structure of the CCD sensor is effect; and 

in the embodiment 2-2' FIG. 58 is a schematic cross-sectional view of the pho- 

FIG. 31 is a schcmadc view showing the vicinity of the f^^^^^^o converting device of the present invention, utiliz- 

lens and the CCD sensor in a reduction optical system in an ""g ""^ '"^'"^^ exhausting effect. 



embodiment 2-3; 



DETAILED DESCRIPTION OF THE 



FIG. 32 is a view showing an example of the pattern in the PREFERRED EMBODIMENTS 
embodiment; 

nr- 11 • u • *u *u J f J- • The image reading device of the present invention is 

FIG. 33 is a view showmg the method for discriminating - ^ j u ^ * .u 7*u i- u* • f 

J . . , . ^. J. , featured by a fact that the light-receiving face of the sensor 

a specified origmal in the embodiment; - - ui i- u* j*u * c ■ • ui i- 

^ ^ for visible hght and that of the sensor for mvisible light are 

FIG. 34 is a block diagram of the hardware realizing the 25 ^^^^ respectively different for the direction of the incident 

discriminating algorithm of the embodiment; ^^^^ pj^^^ positions (positions in a plane perpen- 

FIG. 35 is a view showing the slate of detecting the dicular to the incident direction) of said sensors are not 

identification mark of a copy-inhibited original, in an particularly limited. However, in case of a lineosensor, the 

embodiment 3-1; sensor array for visible light and that for invisible light are 

FIG. 36 is a view showing the structure of a color copying preferably constructed as separate lines. Also in the sensor 

apparatus employing the present invention; array for visible light, the sensor elements for red (R), green 

FIG. 37 is a chart showing the spectral characteristics of (G) and blue (B) or the sensor elements for yellow (Y), cyan 

the filter positioned immediately after the original illumi- (Q and magenta (M) may be positioned in an in-Une 
nating lamp in the embodiment; 35 arrangement or may be arranged to constitute three parallel 

FIG. 38 is a chart showing the spearal characteristics of li^es. 

the original illuminating lamp employed in the embodiment; FIG. 1 is a schematic cross-sectional view of the image 

inA -linn * u • 4l * r*u reading device of the present invention, whcrcin a scusor 2 

FIGS. 39A and 39B are views showing the structure of the . ill i-u - - t-L* 

r^r^r\ i j - l j- ^ for visiblc h&ht has a heht-receivine face 2' which is 

CCD sensor employed m the embodiment; _ l r • • li i* u 

different from that 3' of a sensor 3 for invisible hght. 

HQ 40 is a chart showing.the spectral sensitivity char- « h„,„,i,^ric converting elements (sensor elements) 

actenstics of the CCD employed m the embodiment; i* ■ ■ c 

*^ ^ constitutmg the hght-receivmg face of the present mvention 

FIG. 41 is a chart showing the spectral charaaeristics of advantageously composed of photo-voltaic elements or 

the infrared cut-off filter employed in the embodiment; photoconductive elements such as photodiodes or pho- 

FIG. 42 is a chart showing the spectral characteristics of to transistors. The photoelectric converting elements for con- 
fluorescent light in the embodiment; verting the optical signal of the visible region into the 

FIG. 43 is an external view of the CCD sensor in an electric signal may be constituted by the elements composed 

embodiment 3-2; of a material capable of selectively absorbing the optical 

FIG. 44 is an external view of the CCD sensor in an signal of the visible region only, or by the elements provided 
embodiment 3-3; 50 with a filter capable of transmitting the hght of visible region 

FIG. 45 is a view showing the equal-size optical system intercepting the hght of a spectral region to be utilized 

in an embodiment 3-4* ^'^^ photoelectric conversion in other photoelectric convert- 

nG.46isaviewshowingthestructureofthe CCDsensor elements, among the invisible region, 

employed in the embodiment; More specifically, for obtaimng a black-and-white signal, 

no. 47 is a chart showing the axial chromatic aberration there is attained selective sensitivfty in the visible wave- 

of the reading lens* length region from 400 to 700 nm, by selecting the material 

^« * . ' , t . ^ , ^^T^ constituting said elements or by providing the elements with 

FIG. 48 IS a view showing the shape of the CCD cover ^ ^^^^ selectively transmitting the light of the above- 
glass employed in an embodmient 3-6; mentioned wavelength region. Also the optical signal of a 

FIG. 49 IS an external view of the element for optical path specified region within the visible spectral region may be 

splitting and optical length correction employed in the obtained by constructing said elements with a material 

present mvenUon; selectively having sensitivity in said specified region, or by 

FIG. 50 is a magnified view of the reading unit; providing the elements with a filter capable of transmitting 

FIG. 51 is a chart showing the spectral characteristics of the light of said specified spectral region, 
the element; 65 Also for obtaining color signals, such as of red (R), green 

FIG. 52 is a view showing the structure of a color copying (G) and bhie (B), there are employed elements of plural 

apparatus; kinds, consisting of elements (R elements) having selective 
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I. rvdf «i hnu a^r i* vr sensitivity, inithe R region^ (spectral -region; fon-exanople jfrom h*: ^^documentor-there tis i prefe rably^ provided dlluminalion.HmeanS' < 

580 to 700 am), elements (G elements) having selective for illuminating the original. Such illumination means may 

sensitivity in the G region (spectral region for example from be composed for example of a light-emitting diode, a xenon 

480 to 580 nm), and elements (B elements) having selective lamp or a halogen lamp. FIG. 4 shows representative light 

sensitivity in the B region (spectral region for example from 5 emission spectral characteristics of the light source. How- 

400 to 480 nm). ever the light source needs only to emit the light of a spectral 

Also in this case, there may be employed elements region required corresponding to the optical signal to be 

composed of materials having selective sensitivities in, detected, and is not limited to that having the characteristics 

namely capable of selectively absorbing the lights of the shown in FIG. 4. A light source emitting the light of the 

above-mentioned R, G and B regions, or provided elements 10 characteristics shown in FIG. 4 can at least provide the light 

having sensitivity in all the R, G and B regions with filters in the R, G and B regions and the infrared light in the 

selectively transmitting the li^ts of said R, G and B regions invisible spectral region. 

respectively. In the following there wiU be explained embodiments of 

Alternatively, a position of a semiconductor junction such the present invention, but it is to be understood that the 

as a PN junction of the photodiode or the pbototransistor present invention is not limited to these embodiments but 

may be varied to obtain a selective sensitivity. can be realized in any form attaining the objects of the 

FIG. 2 is a chart showing the representative spectral present invention, 

characteristics of the Hght transmitted by the fiUers, wherein (Embodiment 1-1) 

the relative sensitivity in the ordinate corresponds to the ^ * . i - r i r ^^r^ ^ 

transmittance for the visible Ught. In case the elements are ^A is a plan view seen from above of a CCD 1 

given the selective sensitivities by the selection of the image reachng device, and FIG. 5B is a 

constituting materials, the elements are formed with the cross-sectional view thereof. 

materials having the light absorbing characteristics corre- The CCD 1 is composed of a first element array 100 and 

spending to the relative sensitivities shown in FIG. 2. a second element array 101. 

In the present invention, any of the visible and invisible lo the first element array 100, the elements are cycHcally 

spectral regions, and the R, G and B spectral regions are not provided with R filters 102, G filters 103, and B filters 104, 

clearly distinguished by the wavelength, but the photoelec- formed by evaporation, in the order of R, G, B, R, G, B, . . 

trie converting elements to be employed therein need only to * thereby constituting a reading system in which a pixel 105, 

be so constructed as to photoelectrically convert the consisting of a set of three elements of R, G and B, 

ultraviolet, blue, green, red and/or infrared lights by a constitutes a minimum reading area, 

necessary amount and substantially not to convert the unnec- The filters provided by evaporation on respective ele- 

essary lights, in order to obtain the required signals. ments have the spectral characteristics as shown in FIG, 2. 

On the other hand, for converting the optical signal of the On the other hand, in the second element array 101, the 

invisible spectral region into the electrical signal, there are 35 elements are arranged with a pitch equal to three times of the 

employed cphotoelectric converting elements having selec- pitch of the elements in the first element array 100. Stated 

tive sensitivity fiar example for the ultraviolet light or the differently, the element pitch of the second array 101 is same 

infrared light. Also in tiiis case there may be employed as the pixel pitch of the first element array 100. 

elements composed of a material having seleaive sensitivity The second element array 101 is provided, by 

in said invisible spectral region, or elements composed of a 4^ evaporation, with a visible light cut-off filter of the charac- 

material having sensitivity in a wide spectral range including teristics shown in FIG. 3, so that the light components less"^ 

said invisible spectral region, composed with a filter having than 700 nm are cut off and the clement array 101 can read 

selective transmittance for the light of said invisible spectral the infrared component. 

region. Also, as shown in FIG. 5B, the second element array 101 
FIG. 3 is a chart showing representative spectral charac- 45 has a step difference d of 300 ^ to the first element array 
teristics of the above-mentioned filter, wherein the relative 100, for obtaining a longer optical path. This is because the 
sensitivity in the ordinate corre^onds to the transmittance focal length of the optical system varies depending on the 
for the invisible light. There is shown an example of filter wavelength, and the image becomes out of focus for the 
having selective sensitivity in the infrared region infrared light unless the optical path is made longer 
(wavelength region far example above 750 nm), but such 50 piG. 6 shows the dimension and the positional relation- 
example is not limitative. stup of the elements of the first element array 100 and the 
The solid-state image reading device of the present inven- second element array 101. It is assumed that the reading unit 
tion may be constructed as a color line sensor as shown in has a resolving power of 400 dpi and that, for the purpose 
FIG. 1, in which the elements for visible light and those for of simplicity, an equal-size optical system is employed, 
invisible hght arc periodically arranged in mutually separate 55 For realizing the resolving power of 400 dpi, the mini- 
hnes. Preferably it is so constructed that a pixel in terms of reading area becomes 63.5x63.5 ^m. Consequently the 
the resolving power of the color signal contains an element gi^e of the R, G and B elements becomes 21.1x63.5 jum, 
(R element) having selective sensitivity in the R region, an ^vhile the IR elements becomes 63.5x63.5 jum. The distance 
element (G element) having selective sensitivity in the G between the first and second element arrays is selected as 
region, an element (B element) having selective sensitivity 60 127 ftm. Stated differently, said arrays are separated by a 
in the B region, and an element (IR element) having selec- distance corresponding to twice of the array 100 or 101. 
tive sensitivity in the invisible region. The ^^^^^ ^^^d by the arrays 100, 101 are so controUed 

The optical signal to be detected may be generated from as to be transmitted to a signal processing unit 211. 
a three-dimensional image or a two-dimensional image, and 

a representative example of said two-dimensional image is 6S (Embodiment 1-2) 

a flat image such as an original document. Consequently, in In this embodiment, the element array 101 can read the 

case of use in a system for reading the image of an original signal in a spectral region exceeding 700 nm, but the 
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infrared absorbing paint bas a spectral distribution baving:aD 
extremely narrow band width, with a peak at 800 nm, as 
shown in FIG. 7. 

However, depending on the light source to be employed, 
there may be provided enough energy even in a region 
exceeding 1000 nm. 

If such light source is employed, the discrimination of 
absorption becomes difficult because of the unnecessary 
energy above 800 nm. For this reason, the element array 101 
is preferably provided with a far infrared cut-off filter of the 
characteristics as shown in FIG. 8. 

Said far infrared cut-oflf filter may be provided in any 
position in the optical path, because, in the element array 
100, the far infrared light is already cut off by a filter 
evaporated on the surface of the elements. 

For example, said filter may be conveniently positioned in 
front of or behind a lens 209, because the filter can be easily 
replaced when the fluorescent characteristics of the fluores- 
cent paint to be printed on the original document is varied. 

(Embodiment 1-3) 

In the foregoing embodiments, the color sensor is con- 
structed as shown in FIGS, 5A and 5B. In the present 
embodiment, the substrate of the CCD is formed in an 
inclined shape as shown in FIGS. 9A and 9B, in such a 
manner that the first line 100 and the second line 101 has a 
optical path difference d of 300 yum. 

In this manner the visible optical signal and the infrared 
optical signal are both in focus, so that the precision of 
discrimination becomes improved. 

Also as a variation of this embodiment, a similar effect 
can be obtained by placing planar CCD sensors in an 
inclined position. 

(Embodiment 1-4) 

In this embodiment, a color sensor consisting of an array 
171 having sensitivity to blue, an array 172 having sensi- 
tivity to green, an array 173 having sensitivity to red and an 
array 174 having sea«;itivity to infrared region is given step 
differences, matching the focal positions of respective col- 
ors. There are preferably provided a step difference dl of 20 
jum between B and G, a step difference d2 of 50 //m between 
G and R, and a step difference d3 of 280 //m between R and 
IR. 

These values depend on the optical system to be 
employed, and are preferably optimized according to each 
optical system. 

The presence of four CCD lines requires phase matching 
of all the color signals with a FIFO memory. 

Also as modifications of this embodiment, it is possible to 
form the substrate in inclined manner or to place a planar 
sensor in inclined manner. 

In this manner the visible optical signal and the infrared 
optical signal are both in focus, so that the precision of 
discrimination can be improved. 

Also the distance between the array of the infrared 
component reading elements and the array of the visible 
component reading elements, selected as an integral mul- 
tiple of the resolving power of the reading system, enables 
electrical compensation of said difference for example by a 
line buffer, and facilitates comparison of the signals from the 
two element arrays which read a same image area. It is 
furthermore possible to dispense with said line buffer, by 
utilizing the FIFO memory for example in an edge enhanc- 
ing circuit. 
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:.r:i.n> (Image Jnformation . Processingj Apparatus) uji..!: x: ^vr^?;t^>:ui>c i 
In the following there will be explained a representative 
example of the image information processing apparatus 
equipped with the image reading device, according to any of 
5 the foregoing embodiments of the present invention. 
(Structure of Image Scanner Unit) 

In FIG. 11 there are shown an image scanner unit 201 for 
reading the original image and effecting^ digital signal 
processing, and a printer unit 202 for printing a fuU-color 
image on a sheet, corresponding to the original image read 
by the image scanner unit 201. 

In the image scanner unit 201, there is provided a mirror- 
surface thick plate 200. An original 204 placed on an 
original supporting glass (hereinafter called platen) 203 is 
illuminated by a halogen lamp 205, and the reflected light 
from the original is focused, by a lens 209, on said color 
sensor 1 serving as the image reading device, whereby the 
full-color signals of the red (R), green (G), blue (B) and 
infrared (IR) components are supplied to a signal processing 
unit 211. 

20 A reading unit 207 is mechanically moved, with a velocity 
V, in a perpendicular direction (hereinafter called sub scan- 
ning direction) to the electrical scanning direction 
(hereinafter caUed main scanning direction) of the color 
sensor, thereby scanning the entire surface of the original. 
25 The signal processing unit 211 electrically processes the 
read signals to separate the components of magenta (M), 
cyan (Q, yellow (Y) and black (BK), for supply to the 
printer unit 202. 
(Structure of the Printer Unit) 
30 The image signals M, C, Y, BK supplied from the image 
scarmer unit 210 are supplied to a laser driver 212, which in 
response modulates a semiconductor laser 213. The laser 
beam emitted therefrom is guided through a polygon mirror 
214, an f-O lens 215 and a mirror 216 and scans a photo- 
35 sensitive drum 217. 

A rotary developing unit 218 is composed of a magenta 
developing unit 219, a cyan developing unit 220, a yellow 
developing unit 221 and a black developing unit 222, which 
in turn come into contact with the photosensitive drum to 
40 develop the electrostatic latent images of M, C, Y and BK 
formed on the photosensitive drum 217 with corresponding 
toners. 

A sheet supplied from a sheet cassette 224 or 225 is 
woimd on a transfer drum 223, and the toner images 
45 developed on the photosensitive drum 217 are transferred 
onto said sheet. 

After the successive transfers of the four color images of 
M, C, Y and BK in this manner, the sheet is discharged 
through a fixing unit 226. 
50 In the foregoing there has been briefly explained the 
structure of the scanner unit and the printer unit principally 
constituting the apparams, and in the following there will be 
given a detailed explanation on the image scanner unit 201. 
(Original) 

55 FIG. 12 shows an original 630 on which a pre-registered 
pattem 631 is printed with infrared absorbing paint. 

In addition to the pattem 631, characters and images 632 
are printed with ordinary ink on the original 630. 
The printed infrared absorbing paint, absorbing the infra- 
60 red light having wavelength in excess of 700 nm, appears 
almost colorless to the hiunan eyes sensitive to a spectral 
region of 400-700 nm, and is therefore extremely diflScult to 
recognize. 

The spearal characteristics of said infrared absorbing 
65 paint is same as shown in FIG. 7. 

The amount of the above-mentioned infrared absorption 
can be detected by cutting off the visible light component 
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.•rand ^ext^actingi the ijinfrared^^Ught componeotv only - > . During .the /.image' readingjf^theLCorrectionndata.jfor^each^ 

element array 101 in the sensor 1. element are supplied from the RAM 123 to the shading 

(Pre-scan) correction circuits 124fl-124c, thereby correcting the read 

The image scanner unit 201 effects a pre-scan, as a data, 

pre-treatment before the copying of the original 630, as will 5 rho image signals released from the shading correction 

be explamed in the following. , circuits 124a-124c arc supplied to a 5x5 edge enhancing 

kJ^^^'^I ^"^^ ^^u "^^"^T^^^L^ "^^l^^ Pl^^*^ circuit 125, which emphasizes the contour of the read image 

640, fixed m a part of the platen 203 as shown in FIG. 13. foUowine manner 

The reflected image of said white shading plate 640 is tn/- 1 c u *u * * * r j . . 

focused, through the lens 209, onto the CCD 210. Fia 15 shows the stnicture of said edge enhanc^^^^ 

-nie image of the white shading plate 640, read by the T^f ""^^f^l"! is conducted for each of the R, 

element arrays 100. 101 of the sensor 1, is processed in the ^ f°^,? ^^^f ^^^^^ 

signal processing unit 211, and the data for compensating the ^^^y* NaturaUy other two circuits have the identical struc- 
unevenoess in the illumination by the lamp 205, and the data 

for compensating the unevenness in the sensitivity of the ^° ^^^^ provided FIFO memories 131-134 

element arrays 100, 101 of the sensor 1 are prepared and are each having a capacity capable of retaining the data of a line 

stored for respective arrays. in the element array 100 of the CCD 210. 

Subsequently the reading unit 207 is mechanically moved The four FIFO memories are connected as shown in FIG. 

in a direction m with a velocity v by an unrepresented 15, so that, when the pixel data of an n-th line are entered to 

driving system, thereby scanning the entire surface of the the FIFO 131, the FIFO memories 131, 132, 133, 134 

original. In this operation, the signal processing unit 211 20 respectively release the data of an (n-l)-th fine, an (n-2)-th 

extracts the maximum and minimum values of the original line, an (n-3)-th line and an (n-4)-th line, 

density, from the image of the original 630 read by the The input signal and the output signals of the FIFO 

element array 100 of the sensor 1, and calculates the print memories 131-134 are supplied to a delay circuit 135. 

density at the copying operation. said delay circuit 135 is provided with several pixel 

Thereafter the reading unit 207 is mechanicaUy moved in ^5 delaying circuits for the entered signal of m-th pixel, thereby 

a direction n shown m FIG. 13 with a velocity v by the p^viding an arithmetic operation circuit 136 with the pixel 

unrepresented driving system, for retummg to the readmg ^^^^ ^^^^^ (m-l)-th, (m-2)-th, (m-3)-th and (m-4)-th pixel 

start position, or, the home position. ^„ „ - 1 -rn. \i- - • *u 

(Cop^g of Original and Pattern Detection) f ^"^^ P^^^ • ^^^^^^^^ 

After the preparation of the above-mentioned shading aata ot pixels m total. . . ^ . 

correction data, the reading unit 207 returns to the home ^^^s the map of the entered data. Thus the 

position and starts the reading of the original 630. At the operaUon unit 136 receives the data of the surrounding 24 

same time there is detected whether the original 630 has the P^^^^ together with the data of a hatched object pixel, 

pattern 631. operation unit 136 multiplies the data of the object 

The presence or absence of the pattern is discriminated by P^^^* subtracts the data of the surrounding pixels, 

the comparison of the information read by the element array Thus, if the data of the object pixel is larger than the data 

100 of the sensor 1 and that read by the element array 101. of the surrounding pixels, the data of the object pixel 

More spedficaUy, the image reading for image reproduc- becomes even larger, and vice versa, 

tion is conducted by the element array 100, while the image This process increases the contrast of the contour of the 

reading for detecting the pattern 631 is conducted by the image, thus enhancing the reproduced image, 

element array 101. 40 The edge enhanced image data are supplied, through a 

In the following there will be given an explanation on the logarithmic conversion unit 127 for effecting luminance- 
signal processing unit 211 for processing the read signals. density conversion, and a masking conversion unit 128 for 
The block diagram of said unit 211 is shown in FIG. 14. effecting optimum correlated color correction, to the printer 

At first there will be explained the signal processing unit, 

system for the element array 100. 45 In the following there will be explained the signal pro- 

The analog image signals released from the element array ccssing system for the element array 101. Although it is 

100 are entered, in the order of R, G and B and in basically same as that for the element array 100, but the edge 

synchronization with the drive signal for the sensor 1, enhancing circuit is eliminated because the image rcproduc- 

simultaneously to three sample-hold circuits 121a-l21c, tion is not the object. 

The sample hold circuit 121a generates a sampHng signal at 50 The data released from a shading correction circuit 124d 

the timing of entry of the R signal, and is capable of are supplied to a signal comparison circuit 126. 

retaining the analog level of the sampled signal until a next Other input data are obtained from the edge enhancing 

R signal is entered. circuit, but, as will be apparent from FIG. 6, the object pixel 

Similarly the sample-hold circuit 121b generates a sam- in the edge enhancing circuit is present on the (n-2)-th line, 

pling signal at the timing of entry of the G signal and the 55 The comparison of the data of the arrays 100, 101 would 

sample-hold circuit 121c generates a sampling signal at the require a line buffer for compensating the distance of two 

timing of entry of the B signal. lines as shown in FIG. 6, but the edge enhancement on the 

As a result, the sample-hold circuits 121a-121c respec- data of the array 100 provides the data corresponding to a 

lively release the R, G and B signals, which are respectively same position on the original. The signal comparison circuit 

supphed to A/D converters 122fl-122c, wherein the analog 60 126, serving as the discrimination means, compares the 

image signal is converted into an 8-bit digital image signal. image data of the arrays 100, 101 and sends the result of 

The obtained digital signals are supplied to shading correc- comparison to an unrepresented CPU. 

tion circuits 124fl-124c, for being subjected to shading In the signal comparison, it is to be noted that the printing 

correction. ink of a high density and a low saturation tends to contain 

The shading correction has already been explained in 65 pigment of carbon black family, and such ink, absorbing the 

relation to the pre-scanning, and the correction data for R, G infrared light, has to be separated from the information to be 

and B colors prepared therein are stored in a RAM 123. discriminated. 
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i;1i;(!;^^il^^:oIn:tethel,pIesent«embodimeati^^^ .IR-.i-j *26,. and c*a .near-irifraredA?cut-offi^^ffille£jr/ 11*24 »^ 

absorption pattern corresponds to the pattern to be discrimi- spectral characteristics are shown in FIG. 11, and said stage 

nated is identified by the comparison of the minimum value 1128 is so moved that the filter 1123 or 1124 is inserted 

K of the R, G and B signals and the IR signal in the between the lens array 1122 and the sensor 1121 respectively 

following manner: 5 at the image reading in the near-infrared region or that in the 

visible region. On said filter 1124 there is provided a glass 

x=iR-coastxma(R, G, B). p^^t^ ]^27 for compensating the difference in image posi- 

^j, 11 .u 1 V J. i_ • 1 tions between the near-infrared light and the visible light in 

More specifically, the value X IS determined for each pixel *u - u * n ^ 

J . 1 4- 1 jj J c *u *• • • 1 J u this embodiment 2-1, 

and IS cumulatively added for the entire original, and when r-,^c- ^^-i a j-»^ti l * ^ r.i_ i^-n 

,v , , u A . • 1 t 10 FIGS. 21A and 21B show the Structure of the sensor 1121 

the cumulative value reaches a predetermmcd reference , j • . i_ j- 

level, the uatcpresented CPU functions as the control means employed m the present embodiment, 

r . c ■ J ^ 1 • * The sensor 1121 is composed of a smele photosensor 

lor the image torming operation and controls the printer unit , ^ . i. i_ . i . 

, • J- * 1 . 4 * ^1. c -1 element array, in which the photosensor elements are pro- 

so as to immediately mtemipt the copymg of the ongmal. ., , ' , _, m j i i_* l 

™ . • J . - • ^- • .1. - vided with evaporated niters or K, G and B colors which are 

There can be conceived certain variations in the image n j-.i. j rn^T^n^T* 

. . , 1 • J . 15 cycucally arranged m the order or R, G, B, R, G, B . . . 

mformation processing apparatus explained above. l *■ j* * • l - l • i 

1 I- c 1 . thereby constitutmg a readmg system in which a pixel 

For example the line position correction for the element .f. ^ j-^/. i .-.l 

1 Aft AM J * -1 » r T^T-r^ consistmg ot a set of R, G and B photosensor elements is the 

arrays 100, 101 need not necessarily utmze the FIFO memo- .. * ™_ .i. r-j 

• c c c A L • • '^u* mmimum readmg area. The spectral characteristics or said 

ries of the 5)o edge enhancing circuit, but may instead , ? ^„ ^ . j 

nrrx ' c 1 j-xn • filters are showu in FIG. 22. The elements equipped With the 

utilize the rlrO memones tor example ot the error diirusion . t 

20 R filter are sensitive also to the mvisible spectral region 

process. j. ■ . , i i- j above 700 nm, and are capable of satisfactory image reading 

Also the pattern discrimmation is not necessarily limited . • / j * j oori u *u r »u 

, . . ,^ • • *L * 1 • '.u . m the near-infrared region around 800 nm, by the use of the 

to the signal comparison in the signd comparison circuit but g,,^^ ^^^^^^ p^^ ^'^^ photosensor 

may rely on pattern matching according to the image shape , , . . ^ t> ci* *u w •* 

^ . J u • 1 • J . * 1 *u elements havmg the G or B filter the relative sensitivity 

extracted by the signal companson, m order to control the ^ , „^ • . u u j * ^ j 

,. V .u- *u • J 25 above 700 nm is not shown, because the data from said 

onginal copymg operation. In this case there is required a , ^ , ^ Jir.L* j - 

large and complex pattern matching circuit, but, as the kind Photosensor elements are used only for the mage reading m 

of Uie original can be identified &om the patten, shape, there ^^lon. In fact the relative sensitivity above 700 

. , J . .1 , *u • • nm can be considered as almost zero m the image reading m 

IS enabled such control as to authorize the copymg operation ■ i ■ . c a ■ a 

- . . . , . . . c J the visible region, because the aforementioned near-mfrared 

for certam originals m response to the entry of a password, ,„ , T^-yA ■ ^ • *t. - j- • *l -ui 

L * . i_-t_ f.i- • r "11 • • 1 30 cut-off filter 1124 is used m the image reading m the visible 

but to prohibit the copymg operation for other onginals. . ^ ^ 

This embodiment enables precise detection of the optical ^^^^'^^'j * i- i • c t^^j / j * 

. ^ J * 1 In order to realize a resolvmg power of 400 DPI (dots per 

signal with a wide dynamic range and over a wide spectral - . v .1. • .1. • • j • ti 1 j i_ 

" ^ K *u 1 * mch) with this sensor, the mimmum readmg area should be 

range, without comphcaUng the optical system. ^ >^.^ 63.5x63.5;«n. CbnsequeaUy, the R element 152, 

(Embodiment 2-1) ^ element 153 and B element 154 should be of a size of 

21.1x63.5 each. Also the image reading in the IR region 

The foUowing embodiment shows an application of the utilizes the R elements, so that the reading area becomes 

present invention to a copying apparatus, but such applica- 21.1x63.5 pim. 

tion is not limitative and the present invention is naturally jhe image data focused on the sensor 1121 are suppUed, 

applicable to various other apparatus, such as an image 40 in the form of the red (R), green (G) and blue (B) compo- 

scanrier connected to a computer. nents of the color information, to a signal processing unit 

FIG. 18 shows the strucmre of an embodiment 2-1 of the 1198. The original scanning unit 1111 is mechanically 

device of the present invention, wherein an image scaimer moved with a velocity V, in the perpendicular direction 

unit 1101 effects original reading and digital signal (hereinafter called sub scanning direction) to the electrical 

processing, and a printer unit 1202 for printing a full-color 45 scanning direction (hereinafter called main scanning 

image on a sheet, corresponding to the original image read direction) of the line sensor, thereby scanning the entire area 

by the image scanner unit 1101. of the original. 

(Image Scanner Unit) A standard white board 1199, positioned to be illuminated 

FIG. 17 is a schematic view showing a part of the original by said original illuminating means when it is in a reference 

reading unit of the equal-size optical system of said image 50 position (hereinafter called home position) and positioned at 

scanner unit UOl, provided with a mirror-surface pressure an optical distance same as the distance from the sensor to 

plate 1100. An original document 1104 placed on an original the original on the platen, serves to correct the unevenness 

supporting glass (hereinafter called platen) 1103 is ilium i- in the image data read by the sensor 1121 when the halogen 

nated by a halogen lamp 1125, of which spectral character- lamp 1125 is used. More specifically, the data obtained from 

istics are shown in FIG. 24, and the reflected light from the 55 said white board are used as the correction data in the known 

original is supplied to a lens array 1122 and is subjected to shading correction. 

the cut-off of a spectral region above about 850 nm by a The signal processing unit 1198 electrically processes the 
dichroic filter 1130 of which the spectral characteristics are read R, G and B signals to separate said signals into the 
shown in FIG. 25. Then by means of switchable filter means components of magenta (M), cyan (C), yellow (Y) and black 
provided on a horizontally movable stage 1128, the image of 60 (BK) for supply to the printer unit 1202, In an original 
the near-infrared region around a wavelength of 800 nm or scanning operation of the image scanner unit 1101, one of 
the image of the visible spectral region of 400-700 nm is the above-mentioned components M, C, Y and BK is sup- 
selectively supplied to a CCD line sensor for image reading. plied to the printer unit 1202, so that a printout is completed 
Said stage 1128 is driven by a laminated piezoelectric by four original scanning operations in total, 
actuator 1129 and selectively moves in the lateral direction 65 (Printer Unit) 

in RG. 17. On said stage 1128 there are mounted a filter The M, C, Y and BK image signals supplied from the 

1123 of which the spectral characteristics are shovra in FIG. image scanner unit UOl arc sent to a laser driver 1212, 
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■.-Mh iiii ^ isjicwhich ^ modulatesi- a*. semiconductor • lasec ^1215. according'^tOr: ^ 
the image signal. The emitted laser beam is guided through 
a polygoa mirror 1214, an f-0 lens 1215 and a mirror 1216 
and scans a photosensitive drum 1217. 

A magenta developing unit 1219, a cyan developing unit 
1220, a yellow developing unit 1221 and a black developing 
unit 1222 are brought in turn into contact, by means of an 
unrepresented sliding mechanism, with the photosensitive 
drum 1217 to develop the electrostatic latent images of M, 



i: *u FIG..32 shows :an;jexample ' of. 'the* .pattern *formediby'» the-; v>r r„;<ir.v(ri!^i.i 
transparent ink containing the above-mentioned transparent 
infrared- absorbing dye. On a triangular pattern recorded 
with ink reflecting the specified infrared light, a small square 
pattern b with a side of about 120 //m is printed with said 
transparent ink. 

Said pattern b, being of almost same color as that of the 
triangular pattern in the visible region, is unrecognizable to 
the human eyes, but is detectable in the infrared region. Said 



C, Y and BK colors formed on thereon with toners of lo pattern of ca. 120 /mi, when read with a density of 400 DPI, 
corresponding colors. corresponds to the size of about 4 pixels, as shown in FIG. 

A sheet supplied from a sheet cassette 1224 is wound on 32. In the following there will be explained the details of the 
a transfer drum 1223 and the toner images developed on the discrimination unit 1163 shown in FIG. 19, with reference to 
photosensitive drum 1217 are transferred onto said sheet. FIG. 15 wherein provided are FIFO memories 131-135 each 

After the successive transfers of four color images of M, 15 having a capacity capable of retaining the data of a line of 



C, Y and BK in this manner, the sheet is discharged through 
a fixing unit 1226. 
(Original Scanning) 

In the following the original scanning sequence in the 
present embodiment will be explained with reference to a 
flow chart shown in FIG. 26 When the original is set on the 
platen 1103 and a start button of the full color copying 
apparams shown in FIG. 28 is depressed, the aforemen- 
tioned movable stable 1128 is moved to the right in FIG. 17 



the 1121. 

The four FIFO memories are mutually connected as 
shown in FIG. 15, so that, when the pixel data of an n-th line 
are entered into the FIFO memory 131, the FIFO memories 
20 131, 132, 133, 134 respectively release the data of an 
(n-l)-th line, an (n-2)-th Une, an (n-3)-th line and an 
(n-4)-th line. The input signal and the output signals of the 
FIFO memories 131-134 are supplied to a delay circuit 135, 
which has several pixel delay circuits for the entered m-th 



and is set in a state for reading the image in the near-infrared 25 pixel signal, thereby supplying an operation circuit 136 with 



region (SI). In this state there are conducted the fetching of 
the shading correction data (S2) and the first pre-scanning 
(S3) and the image data of the near-infrared region, read by 
the sensor elements with the R filter with a density of 400 
DPI both in the main and sub scanning directions, are 30 
subjected to A/D conversion into 8-bit digital signals and are 
stored in a memory (DRAM) 1161 shown in FIG. 19 (S4). 
Subsequently said movable stage is moved to the left and is 
set in a state for ordinary image reading in the visible region 
(S5), and, in this state, there are conducted the fetching of 35 
the known shading correction data (S6) and the second 
pre-scanning (ST)- The image data, obtained in color sepa- 
rated state by the sensor elements having the R, G and B 
fihers with a density of 400 DPI both in the main and sub 
scanning directions, are subjected to A/D conversion into 40 
8-bit digital signals and are supplied to a discrimination unit 
1163, together with the image data of the near-infrared 
region stored in the above-mentioned memory 1161 (S8). If 
the original is not identified as a specified original by said 
discrimination unit (S9), the original scarming operation is 45 
repeated four times for releasing the aforementioned M, C, 
Y and BK signals (SIO). At the same time the image 
processing unit 1162 effects image processings such as the 
variation of the image magnification, masking, undercolor 
removal etc. and the image signal of one of M, C, Y and BK so 
colors is supplied to the printer unit at each scanning 
operation (SU). 

If the discrimination unit 1163 identifies a specified 
original (S9), the ordinary image reading operation is sus- 



the data of the (m-l)-th, (m-2)-th, (m-3)-th and (m-4)-th as 
well as the m-th pixel. Consequently the operation circuit 
136 receives the data of 25 pixels in total. The map of the 
entered data is shown in FIG. 33. With respect to the object 
pixel position X, four pixels A, B, C and D are positioned as 
shown in FIG. 33. Therefore, if the object pixel X is reading 
the pattem b in FIG. 32, the pixels A, B, C and D are reading 
the image of the pattern a positioned therearound. 
(Discrimination Algorithm) 

Let us assume that the signal of the pixel A is composed 
of an R component A^^, a G component A^, a B component 
A^ and an IR component Ajr^, and likewise for the pixels B, 



C and D. The averages Yj^.Y^ 



y of the same color 



component in the signals of the pixels A, B, C and D are 
determined by the following equation: 

y>K(Aj^5^^Z)^) {K~J{, G, B, IR) 

The discrimination of the object pattem is made according 
to the difference between the average Y^ determined in the 
foregoing equation and the object pixel X. More specifically, 
the object pattern is discriminated as present when the next 
relation stands: 

wherein: 

(AR<H)n(AG<H)n(AB<H)n(AIR>r) (H, J: constant) 

In this situation, in comparison with the surrounding 



pended. Otherwise the recording control unit 1164 prohibits 55. pixels, the object pixel is little different in the color hue in 



the faithful image reproduction, for example by painting the 
entire image with a particular color, or by modifying the 
recording signal. 
(Original Discrimination) 

In the following there will be briefly explained the image 
pattern to be detected in the present invention, with refer- 
ence to FIGS. 23 and 32. 

The transparent ink shown in FIG. 23 has the spectral 
characteristics of a transparent dye substantially transmitting 



the visible region and has a difference exceeding a constant 
L in the infrared region. FIG. 34 shows an example of the 
hardware realizing the discrimination algorithm explained 
above. 

60 Adders 1081 respectively add the components of four 
pixels and release upper 8 bits to obtain Yj^, Y<^, Y^ and Y^, 
respectively. Subtractors 1082 calculate the differences from 
the components of the signal of the object pixel. For three 
components R, G and B, the absolute values of said differ- 



the light of the visible region but absorbing the infrared light ss ences are respectively compared with the constant H in 
around 800 nm. A representative example of such dye is comparators 1083, 1084 and 1085. On the other hand, the 
SIR-159 supplied by Mitsui Toatsu Chemical Co., Ltd. infrared component is compared with the constant J in a 
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comparator 1086 j.The,<)utputS;o£theabov^mentioned.coin-:.^ , . > ^ s i(Other,Embodiments)fit?i>fti»^vi*.'^;'/tf.ww^ 

parators are supplied to an AND gate 1087, and the object r« r • i i- ^ i 

■ J- • • * J * u * ' The foregoing embodiment employs a transparent dye 

pattern IS discriminated as present when an output signar 1 ^. , ,1.1: j o^^^ . . 

. , , . J c -J Axrr^ * capable of absorbing the mfrared light around 800 nm, but 

IS obtamed from said AND gate. ^. . . . t- ^ j r t V 

® ^ such dye is not lirmtative and there may be employed any 

(Embodiment 2-2) substance which is nearly transparent in the visible region 

„ and is capable of absorbing the light of a specified wave- 

FIG. 29 is a schematic view of a full-color copying length range in the invisible region, 

machine employing an embodiment 2-2 of the pi^esent switching between two filter systems can also be 

mveation, wherein provided are an image sc^er unit 1201. ^^^-^^^^ ^ • • ^^^j ^^^^^^ ^^j^ 

and a full-color prmter 1202 same as in the ^ffib5mffl5Sr2^. ^ g^^j. ^^^^ & & 

An original ilUmiinating halogen lamp 1205 and a first ^ 

mirror 1206 aTincMSTm^ unit ^ ^^'^'^ ^"^^ ^^^^ "^^V 

1298. Second and third mirrors 1207, 1208 are included in curved. 

a second original scanning unit 1299. In the original scan- Also the correction for focus position in different wave- 

ning operation, the first original scanning unit 1298 is driven length regions may be achieved by a movement of the sensor 

with a velocity V by unrepresented drive means, while the l^ns- 

second original scanning unit 1299 is driven with a velocity Also the image reading sensor is not limited to the line 

V/2 in the same direction as that of the first original scanning sensor. 

unit, by means of the unrepresented drive means, whereby The foregoing embodiment employs a halogen lamp, but 

the Ught reflected from an original 1204 on the platen glass there may be employed any light source capable of emitting 

1203 is focused on a 3-line CCD sensor 1210 through a the light in the visible and near-infirared regions, 

condenser lei^ 1209, maintaining always a constant optical foregoing embodiment the standard white 

distance, 1211 indicates a signal processing unit. ^^^^ ^ cximmonly used for visible image reading and for 

FIG. 28 is a schematic view around the condenser lens infrared image reading, but there may be employed separate 

and the CCD sensor in said embodiment 2-2, which employs standard boards respectively for both image readings, 

a 1:6 reduction optical system in the image scanner unit solid-state image reading device can be composed, in 

addition to the charge-coupled device (CCD) explained 

In FIG. 28, there is provided a 3-line sensor 1210 of which above, of a MOS sensor or an amphfying device in which a 

basic structure is shown in FIG. 34. The lines respectively 30 capacitative load is connected to the emitter of a 

bear R, G and B dyes evaporated thereon. Each pixel has a phototransistor, as disclosed in the U.S. Pat. No. 4,791,469 

size of 10x10 /an, and the lines are separated by a distance awarded to the inventors T. Ohmi and N. Tanaka. 

of 180 ^m. Said Une distance corresponds to a spatial ^ explained in the foregoing, the embodiments aUow to 

aberrauon LOS mm on the ongmd m the sub scanning ^^^^j ^^^^^^ ^j^^ ^^^^^ ^^^^^t with a simple 

direction, so that, m the actual original reading operation, the 35 structure 
signal processing unit 1211 delays the preceding R and G 

signals in the sub scanning direction to match the B signal. (Embodiment 3-1) 
A far infrared cut-off filter 1301 has the same spectral 

characteristics as those of the dichroic mirror U30 in the FIG. 36 is a view of the apparatus constitutmg an cmbodi- 

embodiment 2-1 shown in HG. 17. A visible cut-off filter ^ ^^^^ invention, wherem provided are an 

1302 and a near-infrared cut-off filter 1303 have the sub- ^^S® scanner unit 3201 for readmg the ongmal and effect- 

stantiaUy same spectral characteristics as those of the filters "^S ^^S^^^^ ^^2°^^ processing, and a printer unit 3202 for 

1123, 1124 in the embodiment 2-1. Also, as in the embodi- Prioti°g ^ full-color image on a sheet, corresponding to the 

ment 2-1, the filter 1303 is provided with a focus correcting ^^S^ ^^^^ ^^^^ ^^^"^"^ ^^01. 

transparent glass plate 1306 of a high refractive index. Said 45 The imagp scanner unit 3201 is provided with a pressure 

filters 1302, 1303 are mutually separated by an angle 90* on plate 3200. An original 3204 placed on a platen glass 3202 

a rotary shaft 1304, which is connected to an unrepresented is illuminated by the light coming from a halogen lamp 3205 

stepping motor with a minimum rotation angle of 3.6°. Thus, through an infrared cut-off filter 3208, and the reflected fight 

said filters 1302, 1303 can be switched by rotating said from said original is guided by mirrors 3206, 3207 and is 

stepping motor by 25 pulses in a direction CW or CCW. 50 focused by a lens 3209 onto a 4-Une sensor (hereinafter 

called CCD) 3210, whereby the full-color information coo- 
(Embodiment 2-3) sisting of red (R), green (G) and blue (B) components and 
FIG. 31 is a schematic view around the lens and the CCD ^^^'^^ ^^fl component are supplied to a signal pro- 
sensor of the full-color image seamier employing a reduction ^211. 

optical system, wherein a visible cut-off filter 1322 for 55 A standard white board 5102 generates correction data for 

cutting off the visible light below a wavelength 750 nm, and ^^^^ ^^^^ *he R, G, B sensors 3210-2 to 3210-4. 

an infrared cut-off filter 1323 for cutting off the Ught above A reference fluorescent plate 5103 is uniformly coated 

a wavelength 750 nm, are positioned mutually perpendicu- with fluorescent ink showing fluorescent characteristics as 

Tarly about a rotary shaft 1324. Also a filter 1329, for cutting shown in FIG. 42 and substantially same as those of the 

^^ff the light above a wavelength 850 nm, and a glass plate 60 fluorescent information to be detected, and is used for the 

1326 of a thickness of 2 mm for focus correction between correction of the output data of the IR sensor 3210-1. 

the visible image reading and the near-infrared image The signal processing unit 3211 electrically processes the 

reading, are fixed on a rotary shaft 1325. Said two rotary read signals to separate the magenta (M), cyan (C), yellow 

shafts 1324, 1325 respectively have pinions 1312, 1313, and (Y) and black (BK) components, for supply to the printer 

a linear movement of a rack 1311 coimected to a solenoid 65 unit 3202. In each original scanning operation in the image 

1310 simultaneously switches the filters 1322, 1323 and the scanner unit 3201, one of the M, C, Y and BK components 

filters 1326, 1329. is plane sequentially supplied to the printer unit 3202, 



07/12/2004, EAST Version: 1.4.1 



6,094,281 

19 20 

vs.v^ iVtvi/ u;;i),r„ 'tif : i ; u- whereby, a- printout- is* completedrbyifoiirioriginaljScanniDg?. ^-:':^:^^^ the;dynanrica"ange.of the -read ;i>;;*;-j^r;V*j'.v unx> ■'ii'.H'ii*^ 

operations in total. signal is secured by increasing the length of each pixel of the 

The M, C, Y and BK image signals coming from the IR sensor in the sub scanning direction, but it is also possible 

image scanner unit 3201 are suppHed to a laser driver 3212, ^ increase the length of each pixel in the main scanning 
which in response modulates a semiconductor laser 3213. 5 direction, sacrificing the resolving power therein. 

The emitted laser beam is guided by a polygon mirror 3214, However, the above-mentioned difference in the size of 

an f-6 lens 3215 and a mirror 3316 and scans a photosen- the apertures may be unnecessary if a sufficient dynamic 

sitive drum 3217, range can be secured in the output of the IR sensor. 

A magenta developing unit 3219, a cyan developing unit The line sensors are provided with optical filters thereon, 

3220, a yellow developing unit 3221 and a black developing in order to attain predetermined spectral characteristics in 

unit 3222 in succession develop the electrostatic latent the IR, R, G and B regions. 

images of M, C, Y and BK colors with corresponding toners. The spectral characteristics of the G, R and B line sensors 

A sheet supplied from a sheet cassette 3224 or 3225 is will be explained in the following, with reference to FIGS, 

wound on a transfer drum 3223, and the toner images 2 and 41. 

developed on the photosensitive drum 3217 are transferred FIG. 2 shows the characteristics of the conventional R, G 

onto said sheet. and B filters, which also transmit the infrared light above the 

After the transfers of the four images of M, C, Y and BK wavelength of 700 nm. For this reason, an infrared cut-off 

colors in succession, the sheet is discharged through a fixing filter as shown in FIG. 41 has conventionally been provided 

unit 3226. 2o ^^^^ present embodiment, however, the 

FIG. 37 shows the spectral characteristics of an infrared lens 209 cannot have such infrared cut-off filter, because the 

cut-off filter 3208 positioned between the illuminating halo- infrared component transmitted by said lens 209 is read by 

gen lamp 3205 and the platen glass 3203, and said filter cuts the IR sensor 3210-1. 

of the infrared component above about 700 nm, within the In order to exclude the influence of said infrared fight, the 
spectral emission of the halogen lamp 3205 shown in FIG. 25 infrared cut-off filter is to be provided only between the R, 

38. G and B sensors and the lens. 

FIG. 39A shows the structure of the sensor 3210 FIG. 3 shows the characteristics of a visible cut-off filter 

(composed of CCD line sensors in the present embodiment). provided on the IR sensor 3210-1. Said filter serves to 

There are provided a photosensor array 3210-1 for read- eliminate the visible fight component entering the IR sensor 
ing the infrared (IR) fight, and photosensor arrays 3210-2, 30 for reading the fluorescent component of the IR region. 

3210-3, 3210-4 for respectively reading the R, G and B fight Id the present embodiment there is conceived, as an 

components. example of the copy prohibited original, an original marked 

Said four photosensor arrays of different optical charac- in a position (Xc, Yc) shown in FIG. 35 with ink having the 

teristics arc formed on a same silicon chip in monolithic above-explained fluorescent characteristics, 

manner, in mutually paraUel arrangement in order to read a If the above-mentioned mark is detected in the infrared 

same line on the original. signal read from the original on the platen, the ordinary 

Such configuration of the sensor aUows to use the optical image forming operation is prohibited, 

system, such as the lens, commonly for the visible fight However the copy prohibited original is not fimited, in 

reading and the infrared light reading. It is thus rendered size and in the marking, to that shown in FIG. 35. 
possible to improve the precision of the optical adjustment ^ FIG. 42 shows the reflective spectral characteristics of a 

and to facilitate the operation thereof. recognition mark contained in the copy prohibited original. 

FIG. 39B is a magnified view of the photosensor A curve 12201 indicates the synthesized spectral charac- 

elements, each having a length of 10 ^m per pixel in the teristics of the halogen lamp 3205 and the infrared cut-off 

main scanning direction. Each sensor has 5000 pixels in the fitter 3208 positioned between said lamp and the platen glass 

main scanning direction, in order to read the shorter side 3203. In the present embodiment, the copy prohibited origi- 

(297 mm) of the A3-sized original with a resolving power of nal is recognized by utilizing, within said spectral 

400 dpi. The R, G and B sensors are mutually separated by characteristics, an infrared component 12202 around 700 nm 

a distance of 80 ^m, corresponding to 8 fines for the sub as the exciting fight and detecting infrared fluorescent light 

scanning resolving power of 400 Ipi. 12203 having peak at about 800 nm, coming from the 

The IR line sensor 3210-1 and the R sensor 3210-2 are recognition mark, 

separated by a distance of 160 /an (16 lines) corresponding The present embodiment employs a halogen lamp as the 

to the double of other line spacings. FIG. 40 shows the original iUuminating lamp for simultaneously emitting at 

spectral sensitivities of this CCD, wherein curves 3261, least the visible fight and the exciting fight component for 
3262 respectively show the spectral characteristics of the 55 the infrared fluorescence, and the filter 3208 is employed for 

CCD's for visible fight and the CCD for IR fight. preventing a wavelength conaponent of the infrared fluores- 

The R, G and B sensors 3210-2-3210-4 have apertures of cent from reaching the original. 

10 in the sub scanning direction, but tiie IR sensor in the present embodiment, the recognition mark is com- 

3210-1 has a doubled aperture of 20 /«n, in consideration of posed of a substance capable of being excited by the infrared 
a fact that saki sensor reads the fluorescent light of the IR 50 fight and generating infrared fluorescence. For this reason 

fight. said recognition mark can have arbitrary characteristics for 

In general, the intensity of the fluorescent fight is less than the visible light. In the present embodiment there is 

half, often about 10% or even less, of that of the exciting employed infrared fluorescent ink which is substantiaUy 

fight. The present embodiment secures the dynamic range of transparent to the visible light, so that the infrared fluores- 
the infrared read signal by increasing the light -receiving area 6S cent light can be detected without the recognition mark in 

per pixel, sacrificing the sub scanning resolving power of the the copy prohibited original being noticed by the general 

IR sensor. pubfic. 
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will be briefly explained. The original 3204 on the platen shown in FIG. 45, of an RGB in-line sensor 12802-2 for 

glass 3203 is illuminated by the light coming from the visible light reading and an IR sensor 12802-1 for infrared 

halogen lamp 3205 through the infrared cut-off filter 3208. light reading. 

In general, the intensity of the fluorescence for example of 5 

800 nm emitted from the recognition mark is weak, less than (Embodunent 3-5) 

half, often about 10%, of that of the exciting light. FIG. 47 shows the aberration (axial chromatic aberration) 

For this reason, within the light directly reflected from the in the focus position, depending on the wavelength, in the 

original, longer wavelength components containing the optical system employed in the image reading system of the 

wavelength component of the aforementioned infrared fluo- 10 above-explained spectral characteristics, 

rescent ^ght of 800 nm is eliminated by the infrared cut-off As wiU be understood from FIG. 47, the optical system is 

filter 208, whereby the wavelength component of 800 nm usuaUy so designed as to provide a satisfactory resolving 

entering the CCD is substantiaUy composed of the fluores- power in the visible region, so that the focus position 

cent component. becomes aberrated in the infrared or ultraviolet fluorescent 

As explained in the foregoing, the light illuminating the region and the resolving power becomes deteriorated. The 

original is made free of the spectral component of the correction of said deteriorated resolving power, if made by 

fluorescent light generated by said recognition mark and is t^e lens itself, requires a significantly increased number of 

made to suflBciently contain the aforementioned exciting lens elements, inevitably resulting in undesirably low cost 

light of 700 nm, whereby the S/N ratio of the fluorescent performance. For correcting said deterioration in the resolv- 

signal from the recognition mark can be improved. ing power, therefore, a flat glass plate 12101 for correcting 

Tlie reflected Ught from the original is guided by mirrors focus position is inserted benveen the lens and the sensor 

3206, 3207 and is focused by a lens 3209 on the line sensors ^^^^^^ ^S^^- difference m the focus posiUoa 

for reading the red (R), green (G), blue (B) and infrared (LK) ^^^^^^^ ^.i^ible region and the infrared region is about 

components, in the CCD sensor 3210. „ ^ as shown m FIG. 47 there can be employed a 

Since the R, G and B line sensors 3210-2^32104 are <^rrectmg glass plate mth a thickness of 1 to 15 mm. In th^^ 

" , u ■ f J V ^ or • *i manner a desired resolving power can be obtained m the 

provided with the mfrared cut-off filter for sumaently ^. • i *u - • ^ »u • c j 

^ , . • , - . ^ . . J- entire range mcludmg the visible region and the mfrared 

attenuatmgtheexcitmglightof 700 nm as explamed before, . ° 

the friQ -color image reading can be achieved without the region. 

influence of said infrared exciting wavelength of 700 mn and 30 (Embodiment 3-6) 

of the infrared fluorescent light. » 1 . . ■ 1. 

The correctmg glass plate of the present mvention may be 

Also the IR sensor 3210-1 is provided with a filter for integraUy formed with the cover glass plate, utflizing plastic 

cutting off the wavelength components below 700 nm as molding, as shown in FIG. 48. Such structure improves the 

shown in FIG. 3, whereby it can only read the mfrared precision of alignment, and enables cost reduction since the 

fluorescent component 12203 shown m FIG. 42. 35 correcting glass plate is not composed of a separate part. 

These filters enable the extraction of the infrared fluores- 
cent light simultaneously with the operation of reading and (Embodiment 3-7) 
recording the original image, whereby the additional origi- piG. 49 shows the structure of the optical path splitting 
nal scanning operation, such as the pre-scanning, required ^eans and the optical path length correcting means in the 
. only for detecting the recognition mark by the infrared ^^^^^^ embodiment, wherein provided are a half mirror 
fluorescent Ught, can be dispensed with. 3001-1 for splitting the optical path, and an ordinary mirror 

The configuration explained above satisfactorily separates 3001-2 with modified characteristics of the reflecting film 

the ordinary color area and the infrared recognition mark for obtaining a high reflectance in the infrared region, 

area of the original. FIG. 51 shows the spectral reflectance of the mirrors 

(Embodiment 3-2) ^^^'^ 

FIG. 50 shows the configuration, after the light beams 

The filter of the present invention may be provided in any emerge from the lens, of a reading optical system employing 

position between the lens and the CCD sensor, capable of flie device of the present embodiment. The light beam 

separating the visible light beam and the infrared light beam. emerging from the lens is split into two by the half mirror 

For example, it may be adhered to a cover glass of the CCD 3001-1 constituting a first plane of the device and the 

device as shown in FIG. 43, as a part of the CCD. Such reflected light is focused on the visible light sensor, while the 

structure improves the positional precision, and dispenses transmitted light is reflected by the mirror 3001-2 constitut- 

with the positional adjustment of the compensating glass ing a second plane, thereby being subjected to the correction 

plate, thereby enabling to reduce the assembling time. of the optical path length, and is focused on the sensor for 

(Embodiment 3 3) 

^ ' ' In this configuration, the difference L in the optical path 

The filter of the present invention need not neoessarfly be length between the visible light and the infrared light is 

composed of a pigment or dye filler, but can be composed of represented by: 

a dichroic filter evaporated, as shown in FIG. 44, in a part 60 oACin- - ^ ' 

of the cover glass where the visible light beam passes. ' ^ 1 « sm )/« 00s 

while the distance y of separation between the visible fight 

(Embodiment 3-4) infrared light beam is represented by: 

AU the foregoing embodiments employ a 4-line sensor of ^ . ^ , . . «s 

monolithic structure. However, the present invention is 65 

applicable also to an equal-size optical system employing a wherein d is the distance between the half mirror 3001-1 and 

short-focus lens array 12801 as shown in FIG. 46. In such the mirror 3001-2, □ is the refractive index of the material 
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\r i*-;; MVr;r; 5;;:^!tu.preseDUbetweeD.said halCmirrorcand'Saidrmirrori: andvGiis the ; ri^iA?: embcxliment, it .is^ replaced.byL'^a;*dichroic?.filter;of*:thfe^har<''sai(^- : : i tir, ivts-Arri i :^.;ri.i:;> 

incident angle of the light beam into the mirror. In the acteristics shown in FIG. 54, whereby the light of the desired 

present embodiment, the desired value of L is about 0.3 to visible region only is guided by reflection to the CCD for 

0.4 mm. For L=0.35 mm and refractive index n= 1.5 1633, the visible image reading. As a result, the filter of said CCD 

distance d and the separation distance y are uniquely deter- 5 sensor need not have the capability of cutting off the infrared 

mined for a given value of the incident angle. light as shown in FIG. 41 but can be composed of the 

FIG. 53 shows the distance d and the separation distance conventional CCD filter so that the preparation of the CCD 

y as a function of the incident angle. As will be understood can be simplified, 
from FIG. 53, if the incident angle is selected in a range of 

50° to 60% the separation distance y becomes 0.118-0.119 lO (Embodiment 3-10) 

mm, so that the fluctuation in the separation distance r • u ^-in t a v ^ f 

. ' . .... iLt- ju-L The foregomg embodmient 3-7 employs a 4-line sensor of 

between the visible hght beam and the mfrared ught beam, ^, i :f ' ^ ^ i- . c u 

1* /V t. a • • X. • -A . 1 i_ the monolithic structure, but the same configuration may be 
resultme from the fluctuation m the mcident angle, can be i- j * i - *,* i * i • u ^ 
. , Air r- appued to an equal-size optical system employmg a short- 
suppressed to the order oi 1 um. Also tor a pixel size or 10 , , . r^r< Ae T ^iT- *i. 

. f 1 ^oirt r • t - focus lens array as shown in FIG. 45. In this case, there is 

«m, the aberration irom a multiple 120 Mm or the pixel size 15 , , ^-^om • r n^T* 

Vi . . K J r-i employed a 2-line sensor 12802 consistmg of an RGB 

(12 times m this case) becomes the order of 2 wm, so that the . ^ ^-^oft-t r • i* ^ a tt» 

;. . , , J, • -LI 1- L J • c J m-line sensor 12802-2 for visible light reading and an IR 

hne mterpolation of the visible light beam and the mfrared <k'^€>M ^ r Tr> i- l» j- u • t-i.^ ac x 

. , ^ . r . 1 i_- J sensor 12802-1 for IR hght reading, as shown m FIG. 46. In 

hght beam can be satisfactorily achieved. r u i Tu * ■ • i i 

. J . , r l^r^ « .-1 . ' case of such lens array, the present invention IS particularly 

As wiU be understood from FIG. 47, the optical system is . ^, c ^x. u * -.u r 

„ , . . ^ 1 • effective, smce the correction of the aberration m the focus 

usually so designed as to provide a satisfactory resolving 20 ... j j- i • i * • ui 

• .t- ■ 1.1 ■ .1. . r position dependme on the wavelength is almost impossible 

power m the visible region, so that the focus posiUon f • *I t_ n i . • *u 

u u . A ^ ^ c A n • 1 * « . by an mcreasc m the number of lens elements, as m the case 

becomes aberrated m the mfrared or ultraviolet fluorescent ^ . ^. ^. , ^ u *u . u j • 

, , . . J . • * J Tn- of the reduction optical system but has to be made in the 

region and the resolvmg power becomes detenorated. The , * r *u i • a c 

r J J . • . J , • f J i_ improvement of the glass composition as It IS composed of 

correction of said detenorated resolvmg power, ii made by ^ , , or r 

. , . . . . - • L a smgle lens, 

the lens itself, requires a significant increase m me number 25 ^ 

of lens elements, inevitably resulting in undesirably low cost ^ explained in the foregoing, the embodiments 

performance. For correcting said deterioration in the resolv- explained above of the present invention enable detection of 

ing power, therefore, the device 3001 for optical path copy prohibited origmal, utilizmg the detection of the 

splitting and for optical path length correction as shown in "^f^^red fluorescent ink which is substantiaHy transparent m 

FIG. 50 is provided between the lens and the sensor. In this 30 ^^ible region, without mfluencmg the practical use m 

manner a desirable resolving power can be attained in the visible Light region. 

entire spectral range including the visible region and the Also satisfactory image reading can be realized without 
infrared region. mixed presence of information in the visible and infrared 
In this case, the distance of separation between the visible regions, by employing suitable cut-off filters for excluding 
hght beam and the infrared light beam is selected as an 35 the light of other wavelength regions in the signal for 
integral multiple of the pixel size of flie aforementioned detecting the infrared fluorescent information and in the 
4-line sensor. Among the three line sensors for the visible signal for reading the visible information, 
fight, the spatial aberration in the sub scanning direction is Also for the copy prohibited original, the ordinary copy- 
corrected by line delay elements as explained before. If said ing operation can be prohibited by recording information, 
distance of separation is so selected that the image reading 40 not identifiable in the visible light, in the form of visible 
position of the line sensors subjected to said line delay information. 

becomes equal to that of the line sensor not subjected to said ^^o satisfaaory image reading with a high resolving 

Hne delay, the line delay element can be dispensed with for po^^^ can be realized in a wide spectral range including the 

the infrared sensor. visible and infrared regions, by providing means for oor- 

FIG. 52 shows the structure of a copying apparatus 45 ^^.^g ^y^^ ^^^^ positions of the signal for detecting the 

employing the present embodiment. Said apparatus is dif- infrared fluorescent information and the signal for reading 

fercnt from the apparatus stwwn in FIG. 36, in that the ^^3^^,]^ information. 

device 3001 is provided for the optical path length correc- . , c ^ a- •♦u u- u 1 ■ 

^ r r & satisfactory image readmg with a high resolving 



^°°* power can be realized in a wide spectral range including the 

^Embodiment 3-8"* visible and infrared regions, by providing means for satis- 
factorily separating the signal for detecting the infrared 

The foregoing embodiment employs a mirror having a fluorescent information and the signal for reading the visible 

high reflectance in the infrared region, but, in the present information and correcting the focus positions of said sig- 

embodiment, it is replaced by a dichroic mirror capable of nals. 

cutting off the visible Light as shown in 3210-1, whereby the xhe solid-state image reading device may be composed, 

CCD sensor for the IR Ught need not be provided with the in addition to the charge-coupled device (CCD) mentioned 

visible cut-off filter and can be prepared in a more simple above, of a MOS sensor or an ampUfying device in which a 

manner. Also, different from the pigment or dye filter to be capacitative load is connected to the emitter of a 

provided on the CCD sensor, the dichroic filter can arbi- phototransistor, as disclosed in the U.S. Pat. No. 4,791,469 

irarily select the visible cut-off region, so that the precision allowed to the inventors T Ohmi and N. Tanaka. 

of separation of the visible and infrared fights can be ^ explained in the foregoing, the embodiments 

unproved. explained above enables satisfactory reading of the light of 



the visible region and the invisible region. 
65 The photoelectric converting device of the present inven- 
The foregoing embodiments employ a half mirror for tion achieves satisfactory spectral sensitivity characteristics 



(Embodiment 3-9) 
mbodiments emplo 

separating the visible and infrared fights, but, in the present and satisfactory resolving power, through the combination 
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io£ar photoelectric .convertiDgelementi sensitiv©4o?lhe ^visible m t-v^ region, lirand.- thus i, converted- ^light • yisr.xonverted^inlO'.iLitheji^f mutAi.svr^^^ 

light and an infrared-visible light converting element. carriers, by the photocell 4102 having satisfactory sensitiv- 

The photoelectric converting element to be employed in i^V foi" the visible light. Such photocell 4102 has been 

the present invention is advantageously composed of an developed for many years and, since the photocell structure 

element absorbing the light of the visible region and con- 5 for the visible light can be employed, the complex photocell 

verting the same into an electrical signal. Examples of such structure for the infrared light is not required, 

element include a photovoltaic element such as a la the image reading device shown in FIG. 55, with the 

photodiode, or a photoconductive element such as a pho- aperture 4114 of a size of 13 /im and irradiated with the light 

totransistor. of 800 tma, utilizing the IR Phosphor Plate consisting of 

Also the infrared-visible light converting element to be Mn-doped SrS and prepared by Eastman Kodak Co. as the 

employed in the present invention is preferably composed of infrared-visible light converting element, there was obtained 

an element utilizing' * signal intensity ratio as high as 50 dB in comparison with 

.V . ^ J , . «. , the adjacent pixel completely shielded from the light. 

1) infrared exhaustion effect; a ■ -i l -j • j • -TT i- l 
^ . . A similar measurement when said mfrared-visible hght 

2) multi-step energy transmission; or 15 converting element was replaced by a known visible cut-off 

3) infrared extinction effect. filter provided an insufficient signal intensity ratio of 20 dB 
The element utilizing the infrared exhaustion effect is to to the adjacent pixel, and the output was as low as of the 

irradiate a fluorescent material, excited to a semistable state output when the infrared-visible light converting element 

by the irradiation of the light of a short wavelength, with was employed. 

infrared light thereby generating the fluorescent light in the 20 pjc 55 sho^g an example of the image reading device 

visible region. FIG. 57 shows an example of the exciting utilizing the photoelectric convertmg element of the present 

spectrum, infrared exhausting spectrum and Ught emission invention, applied to a full-color image reading, 

spectrum. . ^ . , , ^ « On photocells 4208 there are provided wavelength select- 

Such element ^ preferably composed of a fluorescent gj^^^ consisting of a blue transmitting filter 4201, a 

matenal such as ZnS or SrS doped with a transient metal. 25 transmitting filter 42«2 and a red transmitting filter 

The irradiation of the short-wavelength exciting h^t may 4203, by means of which the visible optical signals aie read, 

be conducted between the sequence of mnage reading or ^Iso the photoelectric conversion by way of infrared Ught- 

smnultaneously with the irradiaUon of the mfrared light, but ^^^^^ Ught-carriers is achieved by the combination of an 

a filter is preferably used, m order that said short-wavelength ^j^^^^^ 4204 composed of an infrared-visible light convcrt- 

excumg light d«» not enter the photoceU part. ^0 ^^j^^^ ^ ^^^^y ^jog- provided thereunder and 

TTie element for effecting infraied-v^ible conversion by ^^^^^ sensitivity to the visible light, 

multi-step energy transmission preferably employs a mate- u u * n A^i\o >iiAOf u j 

c„.h KT.wn V v^. p. 17 ^ince such photocells 4208, 4208' can be prepared with a 

same material in a same process, they are advantageously 
employed in the image sensor consisting of integrated 



BaYi 



-0.74 --o.25--o.oi--- Y -o^^e5- -0.33 -"'o.o i.^^^ semiconductor circuits, for effecting the detection in the 

materials generate visible light by the energy transmission in . . j • • - 

^* ^ r_ .Jt^ , \. . - , visible and mvisible regions, 

two or three steps from Yb to the hght emission center. . , - , 

The element utilizing the infrared extinction efifect relies . ^'^^ ^8 shows an example utUizmg the mfrared extmc- 
on a phenomenon, when a fluorescent material excited with 

a fluorescent lamp for example of neat-ultraviolet region is 40 ^ fluorescent lamp 4416 emits the excitmg light 4417 to 
irradiated with infrared Ught, the Ught emission is extin- generate fluorescent Ught from an infrared-visible Ught 
guished in the irradiated portion. Such element is preferably converting element 4405 consisting of an infrared extinction 
composed of ZnS doped with CuAl. material, into which the infrared Ught 4412 enters to extin- 
guish the fluorescent light in the irradiated position. A filter 
(Embodiment) 45 4415 only transmits the Ught generated by said infrared- 
visible Ught converting element 4405, thus introducing the 
FIG. 55 IS a schemaUc cross-sectional view of a CCD fluorescent Ught into a photocell 4418. In response to the 
unage sensor cmploymg an embodunent of the photoclectnc ^^^^ -^^^ ^^^^ 44^2^ the fluorescent Ught is 
converting element of the present mvcntion. extinguished, whereby the photocell 4418 no longer receives 
In a P— ^i siUcon substrate 4101, a photocell area 4102 the incident light and the plrotocarriers are no longer gen- 
having an n" Si area is formed as the photoelectric convert- erated. 

ing element. The photocarriers 4122 generated by the inci- ^ explained in the foregoing, the use of an infrared- 
dent Ught 4112 are coUected in the photoceU 4102, then visible converting element in the photoelectric converting 
transferred by a polysilicon electrode 4106 of the accumu- device provides satisfactory sensitivity and exceUent resolv- 
lation unit, a polysiUcon electrode 4107 of the transfer unit, i^g power even in the detection of the infrared optical signal, 
and polysiUcon electrodes 4108, 4109 of the buried-channel What is claimed is: 

CCD register unit, and taken out as an output signal from an j ^ ijn^ge information processing apparatus compris- 

output gate. ing. 

Each pixel is isolated by a P"^ Si channel stopper 4111 and reading means having a first sensor for converting an 

a field oxide layer 4110. optical signal of the visible region into a first electrical 

In order to avoid Ught entry except for the photoceU, signal and a second sensor for converting an optical 

aluminum Ught-intercepting layers 4103, 4103' are doubly signal of the invisible region into a second electrical 

provided, utilizing insulation layers 4104, 4104' whereby the signal, wherein a light-receiving face of the first sensor 

incident Ught 4112 only enters an aperture 4114 in which an is oSiset with respect to the incident direction of the 

infrared-visible light converting element 4105 is provided. 55 light from a Ught-receiving face of the second sensor; 

Consequendy the incident Ught 4112 is converted, by said image forming means for forming an image based on said 

element 4105, into the light of a wavelength in the visible first electrical signal; 
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/r-.p idiscriminatioD *meaD&>,£oTieffectiD^^ 

on said second electrical signal and a reference signal; 
and 

control means for controlling the function of said image 
forming means based on the output of said discrimi- 
nation means. 

2. An information processing apparatus according to 
claim 1, wherein the optical signal of the invisible region is 
comprised of an optical signal of the infrared region. 

3. An information processing apparatus according to 
claim 1, wherein the light-receiving face of the first sensor 
is offset in stepped relation with respect to the incident 
direction of light from the light-receiving face of the second 
sensor. 

4. An information processing apparatus according to 
claim 1, wherein the light-receiving face of the first sensor 
is offset in inclined relation with respect to the incident 
direction of light from the light-receiving face of the second 
sensor. 

5. An information processing apparatus according to 20 
claim 1, wherein said image reading device is comprised of 
multiple arrays of plural first and second sensors, each array 
extending in a direction traverse to the incident direction of 
light, and wherein each light- receiving face of each first 
sensor is ofiEset with respect to the incident direction of light ^5 
from each light-receiving face of each second sensor. 

6. An information processing apparatus according to 
claim 5, wherein each of the second sensors corresponds to 
a signal first sensor. 

7. An information processing apparatus according to 3Q 
claim 5, wherein said image forming means forms a color 
image, and wherein each of the second sensors corresponds 

to plural ones of the first sensors. 

8. An image reading device having a first sensor for 
converting an optical signal of the visible region into a first 35 
electrical signal and a second sensor for converting an 
optical signal of the invisible region into a second electrical 
signal, wherein a light-receiving face of the first sensor is 
oSset with respect to the incident direction of light from a 
light-receiving face of the second sensor, and 

' wherein the light -receiving face of the first sensor is offset' 
in stepped relation with respect to the incident direction 
of light from the light-receiving face of the second 
sensor. 

9. An image reading device having a first sensor for 45 
converting an optical signal of the visible region into a first 
electrical signal and a second sensor for converting an 
optical signal of the invisible region into a second electrical 
signal, wherein a light-receiving face of the first sensor is 
offset with respect to the incident direction of light from a 5Q 
light-receiving face of the second sensor, and 

wherein the light-receiving face of the first sensor is offset 
in inctined relation with respect to the incident direc- 
tion of light from the light-receiving face of the second 
sensor. 55 

10. An image reading device having a first sensor for 
converting an optical signal of the visible region into a first 
electrical signal and a second sensor for converting an 
optical signal of the invisible region into a second electrical 
signal, wherein a light-receiving face of the first sensor is 50 
oflket with respect to the incident direction of light from a 
light-receiving face of the second sensor, and 

wherein said image reading device is comprised of mul- 
tiple arrays of plural first and second sensors, each 
array extending in a direction traverse to the incident 65 
direction of light, and wherein each tight- receiving face 
of each first sensor is offset with respect to the incident 



40 



?^.direction'of>Ught;from.each:Ught^r6ceivingjfaceo£eachy 
second sensor. 

11. An image reading device according to claim 10, 
wherein each of the second sensors corresponds to a signal 
first sensor. 

12. An image reading device according to claim 10, 
wherein each of the second sensors corresponds to plural 
ones of the first sensors. 

13. An image information processing apparatus compris- 
ing: 

illumination means for illuminating an original to obtain 
an optical signal; 

image reading means for reading the optical signal, said 
image reading means comprising (1) a first array of 
photoelectric conversion elements, arranged in a line, 
for respectively converting red, green and blue light of 
the optical signal into electrical signals, and (2) a 
second array of photoelectric conversion elements, 
arranged in another line, for converting light not com- 
prising red, green or blue light of the optical signal into 
electrical signals, said first and second arrays being 
arranged in the two lines on a common substrate; 

image forming means for forming an image from the 
electrical signals of said first array of photoelectric 
conversion elements; 

discrimination means for discriminating the electrical 
signals of said second array of photoelectric conversion 
elements from a reference signal; and 

control means for controlUng an operation of said image 
forming means based on an output from said discrimi- 
nation means. 

14. An image information processing apparatus compris- 
ing: 

illumination means for illimiinating an original to obtain 
an optical signal; 

image reading means for reading the optical signal, said 
image reading means comprising (1) a first array of 
photoelectric conversion elements, arranged in a line, 
for respectively converting light of at least three dif- 
ferent visible wavelength ranges of the optical signal 
into electrical signals, and (2) a second array of pho- 
toelectric conversion elements, arranged in another 
line, for converting non- visible light of the optical 
signal into electrical signals, said first and second 
arrays being arranged in the two lines on a common 
substrate; 

image forming means for forming an image from the 
electrical signals of said first array of photoelectric 
conversion elements; 

discrimination means for discriminating the electrical 
signals of said second array of photoelectric conversion 
elements from a reference signal; and 

control means for controlling an operation of said image 
forming means based on an output from said discrimi- 
nation means. 

15. An image reading device comprising: 

a first array of photoelectric conversion elements, 
arranged in a line, for respectively converting tight of 
at least three different, visible wavelength regions into 
electrical signals; and 

a second array of photoelectric conversion elements, 
arranged in another line, for converting non-visible 
tight into electrical signals, said first and second arrays 
being arranged in the two lines on a common substrate, 
wherein said second array is equipped with a visible 
tight cut-off filter. 
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wherein said first array and said second array are arranged 
so that said first and second arrays are offset laterally by a 
space corresponding to one pixel. 

17. An image reading device according to claim 15, 
wherein with respect to an incident light direction, a light 
receiving face of the first array is ofiEset from a light 
receiving face of the second array. 

18. An image information processing apparatus compris- 
ing: 

illumination means for illiuninating an original to obtain 
an optical signal; and 

image reading means for reading the optical signal, said 15 
image reading means comprising (1) a first array of 
photoelectric conversion elements, arranged in a Ene, 
for respectively converting light of at least three dif- 
ferent visible wavelength ranges of the optical signal 
into electrical signals, and (2) a second array of pho- 
toelectric conversion elements, ananged in another 
line, for converting non-visible light of the optical 
signal into electrical signals, said first and second 
arrays being arranged in the two lines on a common 
substrate, wherein said second array is equipped with a 
visible light cut-off filter. 



20 
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r,n h1 9: :An vimage • information vprocessing ^apparatus:Comprisr^A^*>jt**v;»tT>wr^^ m .-.(.vi-mj 
ing: 

illumination means for illuminating an original to obtain 
an optical signal; 

image reading means for reading the optical signal, said 
image reading means comprising (1) a first array of 
photoelectric conversion elements, arranged in a line, 
fiar respectively converting light of at least three dif- 
ferent visible wavelength ranges of the optical signal 
into electrical signals, and (2) a second array of pho- 
toelectric conversion elements, arranged in another 
line, for converting non-visible light of the optical 
signal into electrical signals, said first and second 
arrays being arranged in the two lines on a common 
substrate, wherein said second array is equipped with a 
visible light cut-off filter; 

image forming means for forming an image from the 
electrical signals of said first array of photoelectric 
conversion elements; 

discrimination means for discriminating the electrical 
signals of said second array of photoelectric conversion 
elements from a reference signal; and 

control means for controlling an operation of said image 
forming means based on an output fi-om said discrimi- 
nation means. 
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It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Sheet 15 

FIG. 15, "ARITMETIC" should read - ARITHMETIC --. 
Sheet 19 

FIG. 19, "PISCRMINATION^' should read - DISCRIMINATION ~. 
Sheet 20 

FIG. 20, "INFARARED" should read - INFRARED 
Sheet 49 

FIG. 57, "STIMURATION" should read - STIMULATION 
Column 1 

Line 43, "a" should be deleted. 
Column 2 

Line 49, "a'* should be deleted. 
Column 3 

Line 51 , "sensors" should read sensor ~. 
Column 4 

Line 55, "machint" should read machine --. 
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Column 6 

Line 28, "lineosensor " should read - line sensor, 



Colxunn 7 

line 35, "q)hotoelectric" should read - photoelectric ~. 
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